Abstract. Let S be a generalized quadrangle of order (s, t). Let X and Y be disjoint sets of pairwise noncollinear points of S such that each point of X is coUinear with each point of Y. If m = \X\ and n = | Y\, then (m -l)(n -1) < s2. When equality holds, severe restrictions are placed on m, n, s, and t.
I. Prolegomena. A generalized quadrangle of order (s, t), s > 1, t > 1, is a point-line incidence geometry S = (??, £, 7) with point set <$, line set t, and symmetric point-line incidence relation 7 satisfying the following axioms:
Al. No two points are incident with two lines in common. A2. If x is a point not incident with a line L, then there is a unique point v incident with L and collinear with x.
A3. Each line (respectively, point) is incident with 1 + í points (respectively, 1 + t lines).
Throughout this note § = (9, t, I) will denote a generalized quadrangle (ii) m J= n. If m < n, then s\t, s < t, n = I + t, m = I + s2/t, and each point of S is collinear with either 1 or 1 + t/s points of Y according as it is or is not collinear with some point of X.Note: (m -l)\s.
There are two corollaries that deserve mention. Corollary 1.3. If there is a GQ % with order (s, t), s > 1, then t < s2. If t = s2, then each triad of points has exactly 1 + 5 centers.
Proof. The inequality / < s2 is due to D. G. Higman ([3] , [4] ). Alternate treatments appear in Bose [1] and Cameron [2] . In the present setting a proof is obtained by putting X = {xx, x2) where x, and x2 are not collinear, Y = triX) = the set of 1 + / points collinear with both x, and x2, and then applying Theorem 1.2. □ Corollary 1.4. Let x and y be noncollinear points of § with s > 1 and |sp(x, y)| = 1 + p. Then pt < s2. If pt = s2 and p < t, then each point z collinear with no point o/sp(x,y) must be collinear with exactly 1 + t/s points o/tr(x,y).
Proof. For the original proof and an explanation of the notation see Thas [7] . In the present setting put X = sp(x, y), Y = tr(x, y). □
The proofs depend on a general matrix theoretic approach due to Sims. As the treatment in [5] does not include the "case of equality," we first give an exposition of this method. (1)
x -x It is well known that A has real characteristic roots, say p, < • • • < i\, and that p, = min R (x) < max R (x) = u,,.
x: Jc#Ö x: x^=0
Perhaps not so well known is the following. Let (x -ts2)ix -r,)(x -r2) be the characteristic polynomial of AA with the roots ordered so that rx < r2 < ts2. Let T = T, + • • • + Tv be the identity partition of {1,.. ., v), so T is a refinement of A. Then AT = A has numerical range [ -s, ts2] which must then contain all characteristic roots of AA. Indeed, the proof of Theorem 1.1 amounts to calculating r, and using the inequality -s < r,. We now proceed to do this.
Put (x -r,)(x -r2) = x2 -bx + c, so that 2r, = b -Vb2 -re . Hence -s < r, simplifies to b = (m + n)(s + st + 2) -2v -22 (5) v -m -n To calculate detL4A), add the first and second columns of AA to the third column and then subtract the first row from the second. At this point detL4A) appears as follows. 
Expanding by the third column and simplifying, one may calculate c to be as follows.
(1 + s + sr)(22 -m -n) + v -v£/mn c = det(AL)/ts2 =-.
v " v -m -n v '
Using the values for b and c given in (5) and (7), (4) may be rewritten as follows.
Equality in (8) gives two roots 2, and 22 for which (8) says 2, < 2 < 22, if 2, < 22. But 22 is easily evaluated. A similar treatment is available for the restriction on the parameters of a subquadrangle, a combinatorial proof of which is found in [6] .
